Background/aims-Simultaneous pancreas and kidney transplantation (SPK) has become an important option in selected IDDM patients with end stage renal disease (ESRD). Successful SPK transplants are associated with long term normoglycaemic control and improved quality of life. However, debate still continues on the benefit to patients in terms of stabilisation or amelioration of diabetic retinopathy. The progression of diabetic retinopathy (DR) in a cohort of 20 SPK transplant patients is reported. Methods-All patients were reviewed postoperatively with corrected visual acuity, slit lamp examination, and fundal biomicroscopy. Preoperative data were collected retrospectively and DR was considered unstable if there had been a drop in Snellen acuity greater than three lines or a need for laser photocoagulation or vitrectomy in the 2 years preoperatively. Results-20 patients who received SPK transplants between March 1983 and April 1994 were reviewed (mean age 35.1 years; mean duration of IDDM = 24.6 years). 17 patients still had functioning grafts at a mean follow up of 5.1 years. Nine of these patients had unstable DR before transplantation. Of these, 89% (8/9) had stabilised DR following transplantation with only a single case requiring laser photocoagulation. Of the eight patients that had stable DR before transplantation all had stable DR following transplantation. 41% of cases (7/17) required cataract surgery during the follow up period. Conclusions-Advanced diabetic retinopathy is present in a high proportion of cases managed with SPK transplant as a consequence of the duration of IDDM and the presence of ESRD. More than 90% of cases have stable DR following transplant. (Br J Ophthalmol 2000;84:736-740) 
In 1993, the Diabetes Control and Complications Trial (DCCT) reported that tight metabolic glucose control using intensive exogenous insulin regimens could have a beneficial eVect on both the development and progression of retinopathy associated with insulin dependent diabetes mellitus (IDDM).
1 However, these positive findings were accompanied by a significant increase in the risk of severe hypoglycaemia and in up to 22% of cases an initial transient worsening of the diabetic retinopathy in the first year.
An alternative approach to tight metabolic control has been pancreas transplantation.
The first pancreas transplant was performed in Minnesota in 1966. 2 Since then approximately 10 000 transplants have been performed worldwide with just over 100 in the UK. 3 Most recipients of pancreas transplants have been diabetics with end stage renal disease requiring kidney transplant who are thus obliged to receive long term immunosuppression in any case. [4] [5] [6] [7] Thus, over 90% of pancreas transplants have been simultaneous pancreas and kidney (SPK) transplants. Over the past three decades surgical success has improved with a present patient survival rate of 90%, and 80% of recipients being insulin and dialysis free. 3 Several studies from the United States and Europe have reported conflicting results of the aVect of pancreas transplantation on diabetic retinopathy. Some studies have reported isolated cases of accelerated deterioration of the retinopathy particularly within the first year. 8 9 Other studies have reported regression or stabilisation of the retinopathy status in up to 90% of cases. [9] [10] [11] [12] [13] [14] But most studies have shown there to be no significant eVect on the status of retinopathy when compared with control groups. 8 15-19 The aim of our present study was to investigate the eVect of SPK transplant on diabetic retinopathy in our own cohort of recipients.
Methods

CASES
We reviewed all cases of SPK transplants performed at the transplant unit of the Royal Liverpool University Hospital between March 1983 and April 1994. Pretransplant data such as duration of IDDM, history and severity of diabetic retinopathy, previous laser or vitreous surgery were collected retrospectively from case notes. All the cases had been reviewed by an ophthalmologist within 2 years of transplantation. Twenty surviving cases were reviewed post-transplantation with corrected Snellen acuity, slit lamp examination, and dilated fundal biomicroscopy by a single ophthalmologist (IAP).
PATIENT SELECTION, TRANSPLANT SURGERY, AND
IMMUNOSUPPRESSION
Between March 1983 and January 1985, insulin dependent diabetics in chronic renal failure were accepted for SPK transplants without objective cardiovascular review. After these dates all potential SPK recipients underwent objective cardiovascular evaluation including stress ECG, stress nuclear ventriculography, and were excluded if they were currently smoking, over the age of 50, or had significant irreversible ventricular ischaemia. 20 All the cases included in this study had end stage renal failure secondary to diabetic nephropathy.
Segmental pancreatic allografts were placed in the left iliac fossa and the arteriovenous supply of the graft anastomosed with the regional mesenteric vascular tree. The exocrine drainage of the pancreas was into the bladder or jejunum. Cadaveric kidney transplants from the same donor were placed in the right iliac fossa in the conventional manner.
Immunosuppression consisted of "first line" cyclosporin A monotherapy with the addition of azathioprine and/or prednisolone maintenance in 60% of patients. The aggregate HLA A, B, and DR antigen mismatches for the whole group was 1:1.1:0.9. Rejection of pancreas or kidney was treated with three pulse doses of intravenous methyl prednisolone (500 mg) followed by oral prednisolone supplementation.
PRETRANSPLANT RETINOPATHY STATUS
Retinopathy was defined as unstable if in the 2 years before transplant there had been a drop in visual acuity of three Snellen lines or more, an episode of vitreous haemorrhage, or if the patient had required either laser photocoagulation or vitrectomy.
As the pretransplant data were collected retrospectively from the case notes it was not possible to give a valid estimate of the grade of retinopathy. In only a very limited number of cases were either pretransplant retinal photographs or fluorescein angiograms available within 2 years of the transplant.
OUTCOME MEASURES
The particular outcome measures we were interested in were: + Patient survival + Graft survival + Ophthalmic complications of transplant surgery or immunosuppression + Post-transplant retinopathy status.
Progression of retinopathy status was defined as any post-transplantation requirement for laser photocoagulation or vitrectomy.
Stabilisation of retinopathy status was defined as the absence of any requirement for laser photocoagulation or vitrectomy.
Regression of retinopathy status posttransplantation was defined as an improvement in visual acuity of two Snellen lines or more not attributed to clearing of vitreous haemorrhage or cataract surgery.
Results
PATIENT CHARACTERISTICS
A total of 34 patients received SPK transplants between March 1983 and April 1994. Twenty four patients still survive. Complete pretransplant data and post-transplant review were available for 20 surviving patients (39 eyes). One of these patients had a phthisical eye enucleated 6 years pretransplant. Two of the patients had early rejection of the grafts and proceeded to successful repeat SPK transplantation.
Of the group that we have complete data on, 17 patients (33 eyes) still have both kidney and pancreas grafts functioning and are insulin and dialysis free. The characteristics of this group are presented in Table 1 .
The mean age at transplantation of the patients presented in Table 1 is 35.6 years (range 25-52). The mean duration of IDDM before transplantation was 24.8 years (range 12-40). Of the 33 eyes presented in Table 1 , 76% (25 eyes) had received laser panretinal photocoagulation at some stage before transplantation. Of this same group 15% (five eyes) had received macular laser and 12% (four eyes) had vitrectomy performed at some stage before transplantation. There were four cases (eight eyes) which had only mild background DR before transplantation (Table 1: patient Nos 1, 2, 3, and 4). None of these cases required any laser PRP before transplantation. One of these cases had received focal macular laser to one eye before transplantation. The mean posttransplantation follow up is 5.1 years (range 1-10). Of the group that we have complete data on, three patients (six eyes) have suVered rejection episodes resulting in graft failure (mean age when transplanted = 36 years; mean length of IDDM = 23 years). The metabolic indices of glycosylated haemoglobin (HbA 1c ) and serum creatinine level were significantly improved in patients with successful SPK transplants ( Table 2) .
OPHTHALMIC COMPLICATIONS
Ten eyes developed cataracts which were not recorded pretransplantation. A total of 41% (7/17) of successful SPK transplant recipients have proceeded to cataract surgery. Each of these patients was receiving systemic steroids for long term immunosuppression.
Three eyes of two successful SPK transplant recipients developed poor intraocular pressure (IOP) control following transplant surgery (Table 1 : patient Nos 6 and 11). Before transplantation patient No 6 had bilateral persistent vitreous haemorrhages but no evidence of raised IOP. Following transplantation this patient developed raised IOP in both eyes with no evidence of angle neovascularisation or ghost cell glaucoma. One eye was subsequently managed with cyclocryotherapy while the other blind eye was comfortable with topical control. Patient No 11 had a previous history of raised IOP as a result angle neovascularisation. This had become stabilised before transplantation but then had again become diYcult to control post-transplantation. This eye was subsequently managed with medical therapy. There was no evidence of either angle neovascularisation or retinal neovascular proliferation post-transplantation. Both these patients were receiving long term systemic steroids.
There were no cases of optic neuropathy or cytomegalovirus retinitis.
POST-TRANSPLANT RETINOPATHY STATUS
Successful SPK transplants
In the group of patients with both grafts still functioning there were 17 eyes that had unstable diabetic retinopathy in the 2 years before transplantation and 16 eyes with stable retinopathy.
Of the 17 eyes with unstable retinopathy pretransplantation 16 eyes (94%) had stabilisation of the retinopathy following SPK transplant surgery (Table 3 ). Only one eye had post-transplantation progression of retinopathy. This was from one of the earliest recipients who originally was transplanted in March 1984 (Table 1: patient No 17). She had suVered unstable retinopathy in both eyes before transplantation requiring panretinal photocoagulation (PRP). Within the first 12 months following transplantation she had problems with new vessel formation in her right eye necessitating PRP. Since then she has required no further treatment in either eye and at review over a decade later she is still insulin and dialysis free with acuities of 6/9 and 6/12.
Of the 16 eyes with stable retinopathy pretransplantation none had posttransplantation progression of retinopathy. There were no cases of regression of diabetic retinopathy.
Failed SPK transplants
In the group of three patients with failed, nonfunctioning SPK transplants there were four eyes that had unstable diabetic retinopathy in the 2 years before transplantation and two eyes with stable retinopathy.
Of the four eyes with unstable retinopathy pretransplantation two eyes (50%) had stabilisation of the retinopathy following the initial SPK transplant surgery (Table 3) . A further two eyes (50%) still had progression of their retinopathy.
Of the two eyes with stable retinopathy pretransplantation none had post-transplantation progression of retinopathy. There were no cases of regression of diabetic retinopathy.
Discussion
Simultaneous pancreas and kidney transplants have become a viable management option for particular cases of insulin dependent diabetes and end stage renal failure. [4] [5] [6] [7] With improved surgical techniques and immunosuppressive regimens our patient and graft survival rates have been high and comparable with other centres. 3 Although there are obvious advantages in terms of improved quality of life by being insulin and dialysis free, [21] [22] [23] [24] the eVect on established diabetic complications has been questioned. In particular, several studies have given conflicting conclusions of the possible outcomes of SPK transplantation on the course of diabetic retinopathy-that is, improvement, stabilisation, no eVect, or deterioration. In a study of 25 SPK recipients by Ulbig et al, an improvement in post-transplant visual acuity was found in 32% of eyes and an improvement in the frequency/severity of vitreous haemorrhages in 46% of eyes. 10 Other studies have reported improvements in acuity and retinopathy status but only in approximately 10% of recipient eyes. 9 11-13 Several studies have reported stabilisation of retinopathy in up to 75% of successful SPK transplant recipients. 9 10 13 14 In contrast, a number of prospective studies have reported that metabolic normalisation of glycaemia in successful SPK transplants has no eVect on the subsequent course of diabetic retinopathy. 8 15-19 These studies have monitored the course of DR in successful SPK transplants recipients and compared them with less than ideal control groups which consisted of either failed SPK transplant recipients or kidney alone transplant recipients. Of particular concern in some studies, is that a small percentage of SPK transplant recipients have responded with a rapid deterioration in their retinopathy status. 8 9 In our own cohort of patients, if the retinopathy was stable for the 2 years pretransplant then 100% of eyes remained stable posttransplantation for a minimum mean follow up of 5 years. For those eyes that had unstable retinopathy in the 2 years before transplantation more than 90% stabilised following successful SPK transplant.
A major bias in this, and many other studies, is that the majority of eyes have advanced retinopathy and have received photocoagulation and/or vitrectomy before transplantation. Thus, we might expect a large proportion of cases to have stabilised through these interventions irrespective of any eVect of the transplanted organs. However, in our cohort of successful SPK transplants recipients we have four cases (eight eyes) which had only mild background DR before transplantation (Table  1: patient Nos 1, 2, 3, and 4). All these eyes have remained stable throughout the period of the study and have not required any laser photocoagulation or vitrectomy.
We have not used the cohort of failed SPK transplant cases as a control group as the number of cases was too small to enable us to draw significant and reliable conclusions.
We have only a single case in our successful SPK transplant cohort that had progression of their retinopathy following transplantation. This progression occurred within the first 12 months following transplantation and subsequent to laser photocoagulation has remained stable. There have been several reports of accelerated progression of retinopathy after rapid induction of tight metabolic control in pancreatic transplant recipients, particularly after a prolonged period of inadequate control. 8 A similar phenomenon has been recognised in some cases recruited to the DCCT. 1 The mechanism responsible for this rapid deterioration is unclear, but may be related to a reduction in the hyperglycaemic enhanced rate of retinal blood flow and subsequent retinal ischaemia, or to systemic hormonal changes such as growth hormone. [25] [26] [27] A further aspect of our study was to consider the incidence and nature of posttransplantation ocular complications that may occur. This is of particular relevance when we consider the lifetime, intensive immunosuppressive regimens these cases must endure. Forty one per cent of successful SPK transplant recipients have subsequently proceeded to cataract surgery. All these cases were receiving systemic steroids. Blankenship reported that 42% of eyes treated with argon laser PRP in the Diabetic Retinopathy Study ultimately required cataract surgery. 28 However, this was after a longer follow up of 15 years compared with the mean follow up of 5.1 years of patients in our study.
A further three eyes developed poor IOP control, again all in patients receiving systemic steroids. These clinically significant consequences of steroid immunosuppression need to be considered in all cases. Although previous studies have attributed isolated cases of optic neuropathy and cytomegalovirus retinitis to the use of cyclosporin A and the other immunosuppressive agents we have no cases aZicted with these conditions. 29 In summary, diabetic retinopathy in our cohort of successful SPK transplant recipients cases was generally stable post-transplantation with only one eye requiring further intervention. However, we recommend continued ophthalmic follow up of these cases as we do have documented progression. In our own study, and previous reported studies, the most critical time for progression of retinopathy may be that first 12 months of metabolic normalisation and thus we would recommend ophthalmic follow up, particularly in this first year.
What still needs to be elucidated is the eVect on diabetic retinopathy when cases with less end organ disease are operated on at earlier stages as the knowledge and experience of pancreas transplantation evolves.
